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SECTION  ONE 


INTRODUCTION 


The  FAA  Communications  Cost  Model  User's  Guide  is  divided  into  three 
sections.  Section  One  provides  background  information  on  the  model  in  terms 
of  applications,  requirements,  and  operation.  Section  Two  describes  all  user 
input  data  and  provides  instructions  for  setting  up  a  run.  Section  Three 
describes  a  sample  problem  showing  how  each  data  card  is  set  up.  Two  appen¬ 
dixes  provide  a  quick  reference  for  nominal  facilities  and  equipment  (F&E) 
and  operation  and  maintenance  (O&M)  parameters  assumed  in  the  model.  A  third 
appendix  describes  each  output  report  to  assist  the  user  in  interpreting 
data  formats.  The  fourth  appendix  is  a  glossary  of  facility  codes  used  in 
this  report. 


1.1  GENERAL  APPLICABILITY 

The  FAA  Communications  Model  is  designed  to  fulfill  a  number  of  general 
requirements  discussed  in  the  following  subsections. 

1.1.1  High-Level  User  Input 

User  inputs  to  the  model  are  in  terms  of  broad,  operationally  defined 
requirements  that  do  not  require  detailed  user  knowledge  of  communications 
system  design.  Precise  characteristics  of  new  facilities  and  actual  geo¬ 
graphic  locations  are  not  needed.  The  advantage  of  this  approach  is  tliat 
the  model  will  be  useful  to  a  broad  spectrum  of  users  and  not  just  communi¬ 
cations  engineers . 

1.1.2  Long-Term  Macro  Analysis 

The  model  is  primarily  intended  to  address  long-term  macro-level  commu¬ 
nications  issues  as  opposed  to  short-term  micro-level  issues.  The  smallest 
period  the  model  is  capable  of  analyzing  is  one  year.  It  computes  total  FAA 
communications  requirements  for  the  48  contiguous  states  as  well  as  Alaska, 
Hawaii,  and  Puerto  Rico.  The  forecast  algorithms  employed  permit  analyses 
covering  any  period  from  1979  through  2008. 

1.1.3  Accuracy 

The  model  is  designed  to  provide  order-of -magnitude  costs  as  opposed  to 
specific  costs  on  which  a  detailed  budget  can  be  based.  The  primary  quantity 


of  interest  is  the  relative  cost  of  one  communications  system  when  compared 
with  an  alternative  system.  However,  spot  comparisons  with  actual  FY  1979  FAA 
cost  data  indicate  that  actual  costs  are  well  within  10  percent  of  the 
computed  values. 

1.1.4  Limitations 


The  model  does  not  currently  include  FAA  facilities  that  do  not  have 
communications  functions;  however,  sufficient  space  exists  to  add  30  addi¬ 
tional  facilities  beyond  the  64  currently  included.  Of  these  64  facilities, 
many  serve  functions  that  are  considered  partially  communications . 

Appendixes  A  and  B  reflect  estimated  percentages  for  each  facility  type. 

The  correct  percentage  will  vary  somewhat  depending  on  the  particular  pro¬ 
gram  being  evaluated  and  the  context  in  which  the  evaluation  is  performed. 

The  model  does  not  include  the  cost  of  operations  personnel  nor  the 
cost  of  administrative  communications  circuits. 


1.2  OPERATING  CHARACTERISTICS 

The  following  subsections  describe  salient  operational  requirements  of 
the  model. 

1.2.1  FORTRAN  IV 

The  model  was  developed  and  coded  in  FORTRAN  IV-G  for  the  IBM  360/65 
computer  at  the  Transportation  Computer  Center. 

1.2.2  Remote  Job  Entry 

The  model  is  designed  for  batch  operation  from  a  remote  card  terminal 
and  accepts  user  inputs  in  punched  card  format. 

1.2.3  Core  Requirements 

The  source  program  consists  of  about  1000  cards.  Memory  requirements 
on  an  IBM  computer  are  56K  words.  Approximately  15K  words  of  additional 
core  are  required  to  compile  and  execute  the  program.  This  figure  will 
vary  depending  on  the  operating  system. 

1.2.4  Execution  Time 

Execution  time  varies  depending  on  processor  load  during  the  program 
run,  the  period  of  the  analysis,  and  the  reports  desired.  Typical  execu¬ 
tion  times  range  from  30  seconds  to  1  minute.  Compilation  time  is  primarily 
dependent  on  processor  load  and  may  range  from  2  to  5  minutes. 

1.2.5  Documentation 


The  model  is  self-documenting  in  the  sense  that  comment  cards  have 
been  used  liberally  throughout  to  mark  the  various  routines.  Much  of  the 


information  generated  by  the  model  is  documented  by  the  various  output 
reports  provided. 

For  the  model's  mathematical  formulation,  associated  computer  program¬ 
ming,  and  logic  flow,  the  user  should  refer  to  the  companion  report,  "Program 
Documentation  for  the  FAA  Conmunications  Cost  Model."  For  a  discussion  of 
actual  applications  and  analyses  of  results,  the  user  should  read  the 
reports  entitled  "Evaluation  of  Selected  Communications  Systems  Alternatives" 
and  "Cost  Analysis  of  Selected  FAA  Switches  Network  Configurations." 


1.3  MODEL  OPERATION 

There  cure  frequently  several  ways  to  program  an  alternative  to  be 
evaluated  by  the  model.  Experience  will  be  the  best  guide  in  each  case. 
Lacking  experience,  however,  the  first-time  user  can  begin  by  considering 
the  overall  operation  of  the  model. 

Figure  1-1  illustrates  the  basic  elements  of  the  model  structure.  User 
inputs  are  interpreted  by  the  model  and  cause  appropriate  changes  in  the  in¬ 
ternal  data  base.  A  series  of  algorithms  is  used  to  forecast  growth  in  five 
major  facility  types.  These  are  sectors,  centers,  towers,  terminal  radars, 
and  flight  service  stations;  collectively  these  are  referred  to  as  operational 
units.  Requirements  for  all  other  facilities,  such  as  ILS,  RCAG,  etc.,  are 
dependent  upon  the  growth  of  these  five  operational  units  and  traffic  fore¬ 
casts.  Once  facility  requirements  are  established,  various  modules  compute 
costs  for  facilities,  maintenance,  circuits,  and  leased  equipment.  Inflation 
and  discounting  are  applied  to  the  various  costs  in  the  output  module. 

Of  primary  concern  to  the  user  is  the  input  module  that  interprets 
data  from  punched  cards.  The  format  of  these  cards  is  described  in  detail 
in  Section  Two.  The  types  of  changes  that  can  be  made  to  the  data  base  by 
means  of  punched  cards  are  described  in  Table  1-1. 


SECTION  TWO 


MODEL  INPUTS 


The  FAA  communications  model  contains  an  extensive  data  base  consisting 
of  equipment  quantities,  circuit  characteristics,  cost  factors,  tariff  rates 
facility-percentage  allocations  for  communications,  and  traffic  forecasts. 
This  data  base  can  be  used  as  is,  or  selective  changes  can  be  made  by  using 
various  model  inputs.  This  section  describes  in  detail  each  of  these  inputs 
Card  formats,  definitions,  and  units  are  presented  for  nine  different  card 
types  which  may  be  used  to  modify  the  internal  data  base.  Data  inputs  are 
usually  specified  with  a  certain  number  of  decimal  places.  The  computer 
will  assume  a  decimal  point  at  the  appropriate  place  when  a  string  of  digits 
is  entered.  The  user  may  override  this  assumption  by  using  a  decimal  point 
in  the  digit  string  being  entered.  When  a  decimal  point  is  entered,  it  will 
count  as  a  digit. 


2.1  PROGRAM  SET-UP  (REQUIRED) 

Four  cards  are  required  to  set  up  each  program  run.  The  first  three 
are  job  control  cards,  and  the  fourth  is  a  run  description  card.  Job  con¬ 
trol  cards  are  required  by  the  computer  and  are  specific  to  the  Transporta¬ 
tion  Computer  Center  system.  The  run  description  card  is  printed  out,  as 
written,  at  the  top  of  the  output  listing.  This  allows  the  user  to  provide 
a  label  for  each  run  describing  the  scenario  being  analyzed.  Up  to  72 
characters  can  be  used,  starting  in  the  first  column.  A  blank  card  can  be 
substituted  when  a  label  is  not  desired. 

Figure  2-1  shows  the  program  set-up  sequence  with  a  typical  run  descrip 
tion  card.  The  first  three  cards  must  be  identical  to  the  ones  shown. 


2.2  FACILITIES  AND  EQUIPMENT  (OPTIONAL) 

All  quantities  and  costs  associated  with  a  given  facility  type  can  be 
modified  by  using  F&E  cards.  FSE  costs  are  one-time  expenses  for  the  pur¬ 
chase  and  installation  of  additional  facilities.  There  are  14  specific 
categories  that  can  be  changed  as  shown  below.  Most  of  the  categories 
distinguish  between  "old"  and  "new"  facilities.  A  new  facility  refers  to 
a  new  technology  piece  of  equipment  that  replaces  an  existing  or  old  piece 
of  equipment.  The  old  and  new  equipment  will  likely  have  different  costs. 
Old  equipment  is  phased  out  and  new  equipment  in  according  to  a  transition 


schedule  as  described  in  Section  2-4.  Where  a  transition  schedule  has  been 
specified,  the  old  costs  apply  to  the  pre-transition  equipment  and  the  new 
costs  apply  to  the  new  technology  equipment.  Where  there  is  no  transition, 
only  the  old  costs  apply. 


Figure  2-1.  PROGRAM  SET-UP  CARDS 

1.  Basic  Cost  of  an  Old  Facility.  This  is  the  average  cost  per  facil¬ 
ity  associated  with  baseline  installations.  It  is  equivalent  to  the 
purchase  price  of  the  entire  facility.  (Units:  thousands  of  dollars) 

2.  Basic  Cost  of  a  New  Facility.  This  is  the  average  cost  per  facil¬ 
ity  associated  with  new  installations.  Unless  specified  by  the 
user,  it  is  equal  to  No.  1.  (Units:  thousands  of  dollars) 

3.  Old  Facility  Cost  Increase  per  Sector.  The  average  increase  in 
the  cost  of  an  old  facility  due  to  the  addition  of  one  sector. 

(Units:  thousands  of  dollars  per  additional  sector) 

4.  Old  Facility  Cost  Increase  per  Center.  The  average  increase  in 
the  cost  of  an  old  facility  due  to  the  addition  of  one  center. 

(Units:  thousands  of  dollars  per  additional  center) 

5.  Old  Facility  Cost  Increase  per  Tower.  The  average  increase  in 
the  cost  of  an  old  facility  due  to  the  addition  of  one  tower. 

(Units:  thousands  of  dollars  per  additional  tower) 

6.  Old  Facility  Cost  Increase  per  Terminal  Radar.  The  average  increase 
in  cost  of  an  old  facility  due  to  the  addition  of  one  terminal 
radar  unit.  (Units:  thousands  of  dollars  per  additional  radar) 

7.  Old  Facility  Cost  Increase  per  Flight  Service  Station.  The  average 
increase  in  the  cost  of  an  old  facility  due  to  the  addition  of  one 
FSS.  (Units:  thousands  of  dollars  per  additional  FSS) 


8.  New  Facility  Cost  Increase  per  Sector.  The  average  increase  in 
cost  of  a  new  facility  due  to  the  addition  of  one  sector.  Unless 
specified  by  the  user,  it  is  equal  to  No.  3.  (units:  thousands 
of  dollars  per  additional  sector) 

9.  New  Facility  Cost  Increase  per  Center.  The  average  increase  in 
cost  of  a  new  facility  due  to  the  addition  of  one  center.  Unless 
specified  by  the  user,  it  is  equal  to  No.  4.  (Units:  thousands 
of  dollars  per  additional  center) 

10.  New  Facility  Cost  Increase  per  Tower.  The  average  increase  in 
cost  of  a  new  facility  due  to  the  addition  of  one  tower.  Unless 
specified  by  the  user,  it  is  equal  to  No.  5.  (Units:  thousands 
of  dollars  per  additional  tower) 

11.  New  Facility  Cost  Increase  per  Terminal  Radar.  The  average 
increase  in  cost  of  a  new  facility  due  to  the  addition  of  one 
terminal  radar  unit.  Unless  specified  by  the  user,  it  is  equal 
to  No.  6.  (Units:  thousands  of  dollars  per  additional  radar) 

12.  New  Facility  Cost  Increase  per  Flight  Service  Station.  The 
average  increase  in  cost  of  a  new  facility  due  to  the  addition  of 
one  FSS.  Unless  specified  by  the  user,  it  is  equal  to  No.  7. 
(Units:  thousands  of  dollars  per  additional  FSS). 

13.  Percent  of  Cost  Due  to  Communications.  The  percentage  of  the 
basic  facility  cost  that  can  be  attributed  to  communications.  It 
is  the  same  for  both  old  and  new  facilities.  Note  that  any  cost 
increases  specified  in  3  through  12  are  assumed  to  be  100  percent 
communications.  Unless  specified  by  the  user,  facility  types  65 
through  95  are  assumed  to  be  100  percent  communications.  (Units: 
000  to  100  percent) .  The  77  card  (see  Section  2.7)  can  be  used 
to  set  all  of  the  communications  percentages  to  the  same  value. 

14.  Number  of  Facilities  Required  in  the  System.  These  data  are 
normally  used  to  specify  the  total  number  of  facilities  required 
when  a  new  type  of  facility  is  being  defined. 

Additions  and  modifications  are  made  for  each  facility  type  by  using 
a  Type  1  card.  The  format  is  illustrated  in  Figure  2-2.  Columns  on  these 
cards  are  assigned  as  follows: 

Col  1  -  must  be  a  zero 

Col  3-4  -  two-digit  facility  type;  01  through  95  are  permitted 

Col  6-7  -  two-digit  number  indicating  the  first  category  to  be 

changed 

Col  9-14  -  six-digit  number  representing  the  new  value 

Col  16-17  -  two-digit  number  indicating  the  second  category  to  be 
changed 

Col  19-24  -  six-digit  number  representing  the  new  value 


Figure  2-2.  FSE  COST  CARDS 

Up  to  seven  changes  can  be  entered  on  one  card.  If  additional  changes 
are  required,  a  second  card  is  used  to  continue.  Since  numbers  must  be 
right-justified,  it  is  recommended  that  all  leading  zeros  be  typed  to 
minimize  key  punch  errors.  Only  one  facility  type  is  permitted  on  a  card. 
All  Type  1  cards  must  be  placed  together  and  preceded  by  a  card  with  the 
digit  "1"  typed  in  the  first  column. 

A  complete  English-language  listing  of  F&E  changes  will  be  printed 
out  at  run  time.'  It  will  indicate  the  facility  type,  the  nature  of  the 
change,  the  default  value  before  the  change,  the  value  after  the  change, 
and  the  year  the  change  is  to  become  effective.  (Note  that  the  year  is 
printed  only  if  the  Type  4  cards  precede  Type  1  cards  when  data  are 
entered) .  Appendix  A  contains  a  complete  listing  of  the  F&E  parameters 
assumed  in  the  model.  The  user  should  refer  to  this  appendix  when  modifying 
any  F&E  data. 


2.3  OPERATIONS  AND  MAINTENANCE  (OPTIONAL) 


All  Operations  and  Maintenance  (O&M)  costs  associated  with  a  given 
facility  type  can  be  modified  by  using  O&M  cards.  The  maintenance  cost  for 
a  given  facility  is  expressed  as  the  sum  or  a  fixed  cost  (includes  materials, 
supplies,  and  spare  parts)  and  a  labor  cost.  Labor  costs  can  be  allocated 
up  to  three  labor  categories,  each  having  a  different  wage  rate.  Thus,  the 
maintenance  cost  can  be  expressed  as: 
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•See  Appendix  D  for  a  list  of  the  facility  types  used  in  the  model. 
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where 


C. 
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»  maintenance  cost  of  the  ith  facility,  in  thousands  of  dollars 
per  year 


W. 

3 

H. . 

Di 


=  fixed  cost  of  the  ith  facility,  in  thousands  of  dollars  per  year 

=  wage  rate,  labor  class  j,  in  thousands  of  dollars  per  year 

*  man-years  of  labor  class  j  required  to  maintain  the  ith  facility 
for  a  given  year 


In  the  modeling  of  the  labor  cost  for  a  facility,  one,  two,  or  all 
three  of  the  H  variables  may  be  set  to  zero.  In  the  latter  case,  the  main¬ 
tenance  cost  is  modeled  as  a  constant,  as  in  previous  versions  of  the  model. 

There  are  19  different  categories  of  O&M  costs  that  can  be  modified  by 
the  user,  as  shown  below.  Most  of  them  distinguish  between  old  and  new 
technology  facilities,  as  was  also  the  case  in  the  F&E  cards. 


1.  Maintenance  Fixed  Cost  of  an  Old  Facility.  (Units:  thousands  of 
dollars  per  year) 

2.  Maintenance  Fixed  Cost  of  a  New  Facility.  The  average  O&M  cost 
per  facility  associated  with  new  installations.  Unless  specified 
by  the  user,  it  is  equal  to  No.  1.  (Units:  thousands  of  dollars 
per  year) 

3.  Old  Maintenance  Cost  Increase  per  Sector.  The  average  increase 
in  O&M  cost  for  an  old  facility  due  to  the  addition  of  one 
sector.  (Units:  thousands  of  dollars  per  year  per  additional 
sector) 

4.  Old  Maintenance  Cost  Increase  per  Center.  The  average  increase 

in  O&M  cost  for  an  old  facility  due  to  the  addition  of  one  center. 
(Units:  thousands  of  dollars  per  year  per  additional  center) 

5.  Old  Maintenance  Cost  Increase  per  Tower.  The  average  increase 

in  O&M  cost  for  an  old  facility  due  to  the  addition  of  one  tower. 
(Units:  thousands  of  dollars  per  year  per  additional  tower) 

6.  Old  Maintenance  Cost  Increase  per  Terminal  Radar.  The  average 
increase  in  O&M  cost  for  an  old  facility  due  to  the  addition  of 
one  terminal  radar  unit.  (Units:  thousands  of  dollars  per  year 
per  additional  radar) 

7.  Old  Maintenance  Cost  Increase  per  Flight  Service  Station.  The 
average  increase  in  O&M  cost  for  an  old  facility  due  to  the  addi¬ 
tion  of  one  FSS.  (Units:  thousands  of  dollars  per  year  per 
additional  FSS) 


New  Maintenance  Cost  Increase  per  Sector.  The  average  increase 
in  O&M  costs  for  a  new  facility  due  to  the  addition  of  one  sector. 
Unless  specified  by  the  user,  it  is  equal  to  No.  3.  (Units: 
thousands  of  dollars  per  year  additional  sector) 

New  Maintenance  Cost  Increase  per  Center.  The  average  increase 
in  O&M  costs  for  a  new  facility  due  to  the  addition  of  one 
center.  Unless  specified  by  the  user,  it  is  equal  to  No.  4. 

(Units:  thousands  of  dollars  per  year  per  additional  center) 

New  Maintenance  Cost  Increase  per  Tower.  The  average  increase  in 
O&M  costs  for  a  new  facility  due  to  the  addition  of  one  tower. 
Unless  specified  by  the  user,  it  is  equal  to  No.  5.  (Units: 
thousands  of  dollars  per  year  per  additional  tower) 

New  Maintenance  Cost  Increase  per  Radar.  The  average  increase 
in  O&M  costs  for  a  new  facility  due  to  the  addition  of  one  terminal 
radar  unit.  Unless  specified  by  the  user,  it  is  equal  to  No.  6. 
Units:  thousands  of  dollars  per  year  per  additional  radar) 

New  Maintenance  Cost  Increase  per  Flight  Service  Station.  The 
average  increase  in  O&M  costs  for  a  new  facility  due  to  the  addi¬ 
tion  of  one  FSS.  Unless  specified  by  the  user,  it  is  equal  to 
No.  7.  (Units:  thousands  of  dollars  per  year  per  additional  FSS) 

Percent  of  Cost  Due  to  Communications.  The  percentage  of  the 
basic  O&M  cost  that  can  be  attributed  to  communications.  It  is 
the  same  for  both  old  and  new  facilities.  This  percentage  need 
not  be  the  same  as  the  communications  percentage  for  facilities 
and  equipment  cost.  Note  that  all  cost  increases  appearing  in 
Numbers  3  through  12  are  assumed  to  be  100  percent  communications 
and,  unless  specified  by  the  user,  facility  types  65  through  95 
are  assumed  to  be  100  percent  communications.  (Units:  0  to  100 
percent).  The  77  card  (see  Section  2.7)  can  be  used  to  set  all 
the  O&M  communications  percentages  to  the  same  value. 

Annual  maintenance  labor  years  for  an  old  facility,  labor  cate¬ 
gory  1.  (Units:  labor  years  per  facility  per  year) 

Annual  maintenance  labor  years  for  an  old  facility,  labor  cate¬ 
gory  2.  (Units:  labor  years  per  facility  per  year) 

Annual  maintenance  labor  years  for  an  old  facility,  labor  cate¬ 
gory  3.  (Units:  labor  years  per  facility  per  year) 

Annual  maintenance  labor  years  for  a  new  facility,  labor  cate¬ 
gory  1.  If  not  specified,  this  will  be  set  equal  to  No.  14. 

(Units:  labor  years  per  facility  per  year). 

Annual  maintenance  labor  years  for  a  new  facility,  labor  cate¬ 
gory  2.  If  not  specified,  this  will  be  set  equal  to  No.  15. 

(Units:  labor  years  per  facility  per  year) 


19.  Annual  maintenance  labor  years  for  a  new  facility,  labor  cate¬ 
gory  3.  If  not  specified  this  will  be  set  equal  to  No.  16. 
(Units:  labor  years  per  facility  per  year) 


Additions  and  modifications  are  made  for  each  facility  type  by  using 
a  Type  2  card.  The  format  is  illustrated  in  Figure  2-3.  Columns  on  these 
cards  are  assigned  as  follows: 


Col 

1 

Col 

3-4 

Col 

6-7 

Col 

9-14 

Col 

16-17 

Col 

19-24 

etc. 

must  be  a  zero 

two-digit  facility  type;  01  through  95  are  permitted 

two-digit  number  indicating  the  first  category  to  be 
changed 

six-digit  number  representing  the  new  value 

two-digit  number  indicating  the  second  category  to  be 
changed 

six-digit  number  representing  the  new  value 


Up  to  seven  changes  can  be  entered  on  one  card.  If  additional  changes  are 
required,  a  second  card  is  used  to  continue;  Columns  1  through  5  must  be 
identical  to  the  previous  card  in  this  case. 


A  Type  2  card  may  also  be  used  to  change  the  maintenance  labor  class 
rates.  These  rates  represent  unloaded  salaries  and  are  expressed  in 
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thousands  of  dollars  per  year.  Columns  for  this  particular  change  are 
assigned  as  follows: 

Col  1  -  must  be  zero 

Col  7  -  single  digit  indicating  the  first  labor  category  to  be 

changed  (must  be  1,  2,  or  3) 

Col  9-14  -  new  wage  rate  for  the  given  category,  in  thousands  of 

dollars  per  year 

Col  17  -  single  digit  indicating  the  second  labor  category  to  be 

changed,  if  applicable 

Col  19-24  -  new  wage  rate,  if  applicable 

etc. 

Only  one  facility  type  is  pexmitted  on  a  card.  All  Type  2  cards  must 
be  placed  together  and  preceded  by  a  card  with  the  digit  "2"  typed  in  the 
first  column.  A  complete  English-language  listing  of  all  OsM  changes  will 
be  printed  out  at  run  time.  It  will  indicate  the  facility  type,  the  nature 
of  change,  the  default  value  before  the  change,  the  value  after  the  change, 
and  the  year  in  which  the  change  becomes  effective.  All  costs  are  printed 
out  in  thousands  of  dollars  per  year. 

Whenever  OSM  cards  are  used  to  define  a  new  facility  type,  it  is 
important  to  include  a  Type  1  FSE  card  indicating  the  number  of  facilities 
required.  Otherwise,  the  computer  uses  a  default  value  of  zero  for  the 
number  of  facility  types  in  categories  65  through  95. 

Appendix  B  contains  a  complete  listing  of  all  OSM  costs  assumed  in 
the  model.  Whenever  modifications  are  made  the  user  should  refer  to  this 
appendix. 


2.4  TRANSITION  FACTORS  (OPTIONAL) 

In  any  scenario  where  equipment  is  being  phased  in  or  out,  the  user 
must  specify  an  implementation  schedule  for  FSE  and  OSM  expenditures.  For 
new-technology  equipment  entering  service,  the  user  must  specify  the 
quantities  being  procured  each  year  and  how  much  of  that  quantity,  if  any, 
is  to  be  installed  and  made  available  for  service.  For  old-technology 
equipment  going  out  of  service,  the  user  must  specify  how  much  of  it  needs 
to  remain  in  service  to  get  the  job  done  while  the  new  equipment  is  being 
phased  in. 

These  factors  are  expressed  as  percentages  of  the  total  requirement 
for  a  particular  facility  type  in  a  given  year,  where  the  requirement  is 
defined  as  that  quantity  of  equipment,  whether  old  or  new  technology,  needed 
to  meet  the  demands  placed  on  it  by  other  parts  of  the  ATC  system.  When 
100  percent  of  the  requirement  is  satisfied  by  old  equipment  and  0  percent 
by  new  equipment,  the  transition  has  not  yet  begun;  when  these  figures  are 
reversed,  the  transition  period  is  over.  During  transition,  the  old  percent 
age  should  be  steadily  decreasing  and  the  new  percentage  increasing. 


There  ere  four  transition  parameters  that  may  be  modified  by  the  user, 
two  for  FSB  expenditures  and  two  for  O&M  expenditures.  These  are  as  follows t 

*  P&E  Transition  Factors 

(1)  Quantity  of  old  equipment  in  place,  expressed  as  a  percentage 
of  the  total  facility  requirement.  These  data  are  not  used  by 
the  program,  but  a  field  is  provided  to  simplify  card  formatting 
requirements. 

(2)  Quantity  of  new  equipment  in  place,  expressed  as  a  percentage 
of  the  total  facility  requirement.  This  represents  the  amount 
of  new-technology  equipment  that  must  have  been  procured  in  a 
given  year.  Note  that  procuring  a  facility  does  not  mean  that 
the  facility  is  operational,  only  that  F&E  funds  for  the  appro¬ 
priate  number  of  units  are  allocated  for  the  years  specified. 

*  O&M  Transition  Factors 

(1)  Quantity  of  old  equipment  that  is  in  service  and  being  maintained 
expressed  as  a  percentage  of  the  total  facility  requirement.  O&M 
costs  for  old  facility  types  will  be  applied  to  this  equipment. 

(2)  Quantity  of  new  equipment  that  is  in  service  and  being  maintained 
expressed  as  a  percentage  of  the  total  facility  requirement.  New 
O&M  costs  will  be  applied  to  this  equipment. 

Transition  factors  may  be  included  in  a  run  by  using  Type  4  cards.  The 
format  is  illustrated  in  Figure  2-4.  The  columns  on  these  cards  are  assigned 
as  follows: 

Col  1  -  must  be  a  zero 

Col  3-4  -  two-digit  facility  type;  01  through  95  are  permitted 

Col  6-7  -  two  alpha-characters  indicating  whether  the  transition 

is  for  F&E  or  O&M  costs.  (Enter  an  F&E  or  O&M  in  this 
space) 

Col  9  -  single  digit;  a  one  (1)  indicates  that  the  percentage 

applies  to  old  equipment;  a  two  (2)  indicates  the 
percentage  applies  to  new  equipment 

Col  11-13  -  equipment  life  in  years;  this  figure  must  be  right- justified 

Col  16  -  Single-digit  transition  mode;  a  one  (1)  indicates  that 

old  equipment  will  be  zero  after  the  transition;  two  (2) 
indicates  that  the  last  values  for  both  old  and  new  are  to 
be  maintained  for  all  subsequent  years;  and  three  (3)  indi¬ 
cates  that  new  equipment  is  to  be  phased  out  and  replaced 
with  old.  These  modes  are  explained  in  more  detail  below. 

Col  18-21  -  the  year  in  which  transition  begins;  four  digits 

Col  23-25  -  three  digits;  the  percentage  applicable  in  the  first  year 

Col  27-29  -  three  digits;  the  percentage  applicable  in  the  second  year 
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0  85  OM  2  012  1  1983  012  040  072  100 


0  85  FE  2  012  1  1983  012  040  072  100 


0  25  OM  1  012  2  1983  098  093  087  081 


0  25  FE  1  012  1  1982  099  065  015  005 


Figure  2-4.  TRANSITION  CARDS 


Op  to  10  percentage  values  can  be  entered  on  a  single  card;  if  an 
implementation  schedule  requires  more  than  10  years,  an  asterisk  (*)  is 
placed  in  column  80  of  the  card  and  the  process  is  continued  on  a  second 
card,  beginning  with  columns  2-4. 

The  model  makes  no  validity  checks  of  any  transition  data  input  by  the 
user;  however,  there  are  two  conditions  that  must  hold  for  the  factors  to 
be  consistent.  First,  the  percentage  of  new  equipment  to  be  maintained 
(O&M  No.  2,  above)  must  be  less  than  or  equal  to  the  percentage  of  new 
equipment  in  place  (F&E  No.  2,  above).  This  is  simply  saying  that  facilities 
cannot  be  maintained  until  they  are  built.  Second,  the  sum  of  the  percent¬ 
ages  for  old  equipment  to  be  maintained  (O&M  No.  1)  and  for  new  equipment 
to  be  maintained  (O&M  No.  2)  must  be  greater  than  or  equal  to  100  percent. 
This  means  that  enough  equipment  must  be  maintained  to  satisfy  at  least  100 
percent  of  the  demands  on  it. 

The  difference  between  the  three  transition  modes  is  subtle  and  merits 
further  discussion.  The  transition  data  jure  specified  as  a  percentage  of 
the  current  requirement.  Thus,  even  if  a  constant  percentage  is  specified 
over  a  time  interval,  the  number  of  facilities  involved  is  likely  to  increase 
because  the  requirements  will  be  changing. 


In  Mode  1,  the  last  percentage  specified  for  F&E  and  for  new  O&M  will 
prevail  for  the  remaining  years  in  the  analysis.  However,  the  transition 
parameter  for  old  O&M  is  assumed  to  be  zero  after  the  transition  is  over. 

This  mode  is  normally  used  when  a  particular  facility  type  is  to  be  phased 
out  or  replaced  by  a  new  type.  Under  Mode  2,  the  last  value  of  all  three 
parameters  would  prevail  after  the  end  of  the  transition  period.  This  mode 
would  be  used  if  it  was  desirable  to  maintain  a  residual  group  of  old 
facilities  (for  backup,  perhaps)  after  the  transition  was  completed.  Speci¬ 
fied  equipment  life  is  not  a  factor  in  the  calculations  of  Modes  1  and  2. 

F&E  costs  are  incurred  only  for  growth;  maintenance  and  replacement  costs 
are  assumed  to  be  covered  by  O&M  costs. 

Mode  3  can  be  used  to  do  a  life-cycle  analysis  of  a  new-technology 
facility.  At  the  end  of  the  transition  period,  new  equipment  is  phased  out 
according  to  its  specified  life  and  replaced  with  the  old-technology  equip¬ 
ment.  While  this  situation  is  not  likely  to  occur  in  the  "real  world,"  it 
is  useful  for  assessing  the  cost  impact  of  adding  a  few  pieces  of  new  equip¬ 
ment  and  following  them  through  a  life  cycle.  During  the  transition  period 
under  Mode  3,  the  number  of  facilities  is  calculated  in  the  same  way  as  in 
the  other  two  modes.  New  equipment  added  "n"  years  ago,  where  "n"  is  the 
equipment  life,  will  be  removed  from  service.  This  will  permit  a  calcula¬ 
tion  of  the  number  of  additional  new  facilities  required  in  the  current 
year.  After  transition,  no  additional  new  facilities  are  added,  and  the 
existing  new  facilities  will  grow  old  and  be  lost  because  of  attrition.  After 
transition,  all  new  facilities  are  maintained.  The  number  of  old  facilities 
is  chosen  so  that  the  number  of  new  facilities  plus  the  number  of  old  facil¬ 
ities  equals  the  facility  requirement.  If  the  required  number  of  old  facil¬ 
ities  exceeds  the  number  of  old  facilities  before  transition,  then  F&E  costs 
will  be  incurred  for  the  excess.  The  old  facilities  that  go  out  of  service 
during  the  transition  period  are  assumed  to  be  "on  the  shelf"  and  therefore 
readily  placed  back  in  service  when  required  later. 

A  sample  transition  specification  is  shown  in  Table  2-1.  The  table 
shows  the  result  of  each  of  the  three  modes  for  the  sample  transition  and 
illustrates  many  of  the  rules  described  above. 


2.5  TARIFF  SCHEDULES  (OPTIONAL) 

Up  to  nine  tariff  schedules  may  be  used  in  a  run.  A  tariff  schedule 
consists  of  the  average  monthly  cost  per  mile  for  a  particular  circuit  type 
and  the  average  monthly  termination  charge  for  both  ends.  Frequently, 
published  tariffs  have  mileage  rates  that  are  dependent  on  the  length  of 
the  circuit.  In  these  cases,  the  user  can  estimate  average  circuit  lengths 
with  the  aid  of  the  switching  matrices  described  in  Section  2.8.  Average 
cost  per  mile  can  then  be  computed  by  the  user  from  the  published  tariff. 

Two  tariff  schedules  are  contained  in  the  program,  one  for  TELPAK  and 
one  for  private  lines.  Changes  to  these  two  tariffs  and  additional  tariffs 
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Table  2-1.  SAMPLE  TRANSITION  SCHEDULE  (EQUIPMENT  LIFE  «  THREE  YEARS) 


200  ~  ~  0  I  200  I  10  200  20  200  I  10  200  I  200 


can  be  accommodated  by  using  Type  5  cards.  The  format  for  these  cards  is 
illustrated  in  Figure  2-5.  The  columns  are  assigned  as  follows: 

Col  1  -  must  be  a  zero 

Col  3  -  one-digit  number  representing  a  tariff  schedule;  must 

be  1-9 

Col  5-10  -  six-digit  number  equal  to  the  average  lease  cost,  in  dollars 

per  mile  per  month.  A  decimal  point  is  required. 

Col  12-17  -  six-digit  number  equal  to  the  average  cost,  in  dollars  per 
month,  to  terminate  both  circuit  ends.  A  decimal  point  is 
required. 

Each  Type  5  card  must  contain  both  the  cost  per  mile  and  the  service- 
termination  charges  even  if  one  does  not  change. 


2.6  USER-ASSIGNED  COSTS  (OPTIONAL) 

The  user  may  input  special  costs  that  are  not  manipulated  by  the  model 
but  are  important  in  the  overall  cost  analysis.  For  new  systems,  these  costs 
might  include: 

•  Research  and  development 

•  Training 

•  Documentation 

•  One-time  installation  requirements 

•  Avionics  costs  for  equipment  required  aboard  aircraft 

These  different  costs  are  added  for  each  year  and  input  on  Type  6  data 
cards  by  the  user.  Figure  2-6  illustrates  a  typical  user  entry.  The  columns 
are  assigned  as  follows: 

Col  1  -  must  be  a  zero 

Col  3-6  -  four-digit  number  representing  the  first  year  haying 

user-assigned  costs  (thousands  of  dollars) 

Col  8-14  -  seven  digits  representing  the  total  user-assigned  costs 

for  the  first  year  (thousands  of  dollars) 

Col  16-22  -  seven  digits  representing  the  total  user-assigned  costs 
for  the  second  year  (thousands  of  dollars) 

etc. 

Costs  for  up  to  eight  years  cam  be  entered  on  one  card.  Additional  Type  6 
cards  can  be  used  to  enter  data  for  other  years  between  1979  and  1999. 
User-assigned  costs  are  zero  for  all  years  not  specified.  For  this  command, 
costs  should  be  entered  in  1979  dollars. 


Figure  2-6.  USER  COST  CARDS 


2.7  INTEREST  AND  AUTOMATION  FACTORS  (REQUIRED) 

The  model  contains  provisions  for  three  types  of  inflation  as  well  as  a 
discounting  factor  for  the  value  of  money.  Various  adjustments  to  the  model 
representing  changes  in  the  level  of  facility  automation  and  changes  in 
traffic  estimates  are  also  possible.  All  of  these  changes  are  entered  on 
Type  7  cards  and  must  be  included  for  every  run.  Figure  2-7  illustrates  a 
set  of  Type  7  cards.  The  first  card  always  contains  a  "7"  in  the  first  col- 
imm.  The  next  two  cards  are  referred  to  as  the  "71"  and  "72"  cards,  respec¬ 
tively.  Columns  on  the  71  card  are  assigned  as  follows: 

Col  1-2  -  71 

Col  4-6  -  Inflation  rate  applied  to  all  F&E  costs  (000  to  100  percent) 

Col  8-10  -  Inflation  rate  applied  to  all  O&M  costs  (000  to  100  percent) 

Col  12-14  -  Inflation  rate  applied  to  all  leased  costs,  including  cir¬ 

cuits  (000  to  100  percent) 

Col  16-18  -  Discounting  factor  representing  the  future  value  of  money. 

This  interest  rate  is  used  to  convert  all  future  cash  flows 
to  a  common  basis.  To  comply  with  OMB  guideline  A- 9 4  the 
proper  discount  factor  to  use  in  the  model  should  equal  the 
appropriate  discount  rate  plus  inflation.  It  is  also  used 
to  estimate  the  future  value  of  user-assigned  costs  (000  to 
100  percent) 

Col  20-23  -  Number  of  radar  sectors  in  1979  if  different  from  the  default 
value  of  740.  (Four  digits?  a  decimal  point  is  assumed  after 
the  second  digit.) 

Col  25-28  -  Sector  Productivity  Factor.  The  number  of  sectors  computed 
is  divided  by  this  factor  to  reflect  cost  reductions  due  to 
productivity.  The  default  value  is  1.0.  (Four  digits;  a 
decimal  point  is  assumed  after  the  second  digit.) 

Col  30-33  -  Center  Productivity  Factor.  The  number  of  centers  is 

divided  by  this  factor  to  reflect  cost  reductions  due  to 
productivity.  The  default  value  is  1.0.  (Four  digits;  a 
decimal  point  is  assumed  after  the  second  digit.) 

Col  35-38  -  Tower  Productivity  Factor.  The  number  of  towers  computed 
is  divided  by  this  factor.  The  default  value  is  1.0. 

(Four  digits ;  a  decimal  point  is  assumed  after  the  second 
digit. ) 

Col  40-43  -  Terminal  Radar  Productivity  Factor.  The  number  of  terminal 
radars  is  computed  and  divided  by  this  factor.  The  default 
value  is  1.0.  (Four  digits;  a  decimal  point  is  assumed 
after  the  second  digit.) 

Col  45-48  -  Flight  Service  Stations  (FSS)  Productivity  Factor.  The 
number  of  FSSs  is  divided  by  this  factor  to  reflect  cost 
reductions  due  to  productivity.  The  default  value  is  1.0. 
(Four  digits;  a  decimal  point  is  assumed  after  the  second 
digit. ) 
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Figure  2-7.  INFLATION  AND  TRAFFIC  GROWTH  CARDS 

The  inflation  factors  specified  on  the  71  card  are  used  in  the  compu¬ 
tation  of  all  F&E,  O&M,  and  leased  costs.  The  model  first  calculates  these 
costs  in  constant  1979  dollars.  The  calculated  costs  are  then  inflated 
according  to  the  specified  inflation  rates  to  arrive  at  cost  figures  in 
current  dollar  terms.  The  inflation  rate  to  be  applied  is  defined  as  the 
percentage  change  in  cost  of  the  same  quantity  of  the  same  product,  from 
one  year  to  the  next.  As  such,  it  already  reflects  any  gains  in  productivity 
that  may  have  occurred;  it  refers  only  to  the  over-the-counter  price.  The 
average  of  the  F&E  and  O&M  inflation  rates  is  assumed  to  be  the  inflation 
associated  with  all  user-assigned  costs. 

The  discount  rate  reflects  the  relative  value  of  money  over  time. 
Applying  this  factor  allows  costs  or  benefits  to  be  added  over  time.  Accord¬ 
ing  to  OMB  Circular  A-94,  the  proper  discount  rate  to  use  is  10  percent.  Thi 
figure  represents  an  estimate  of  the  average  rate  of  return  on  private  invest 
ment,  before  taxes  and  after  inflation.  In  the  communications  model,  the 
discount  factor  is  applied  to  the  inflated  dollar  figure.  Thus,  to  comply 
with  A-94  in  using  the  model,  it  is  necessary  to  add  the  inflation  rate  to 


the  10  percent  discount  rate  to  obtain  the  inflation  adjusted  discount  rate 


for  each  given  year.  Since  there  are  three  different  inflation  rates  used 
by  the  model ,  the  user  will  need  to  develop  a  composite  inflation  rate. 

One  approach  might  be  to  take  the  mean  of  the  Fse  rate,  which  is  essentially 
an  inflation  rate  on  capital  expenditures,  and  the  OSM  rate,  which  is 
essentially  an  inflation  rate  on  labor. 

The  values  specified  on  the  71  card  will  apply  to  all  years  of  the 
simulation.  If  it  is  desired  to  change  inflation  rates  for  specific  years, 
a  73,  74,  75,  or  76  card,  described  below,  must  be  given  subsequent  to  the 
required  71  card. 

The  71  card  also  allows  the  user  to  modify  the  number  of  sectors 
assumed  in  the  baseline  year.  Subsequent  quantities  are  then  computed  on 
the  basis  of  nominal  sector  growth.  A  productivity  factor,  however,  can 
be  used  to  modify  the  rate  of  sector  growth.  The  computed  value  is  divided 
each  year  by  the  productivity  factor  appearing  on  the  71  card.  This  is 
normally  used  to  account  for  the  effects  of  facility  automation  and  increased 
productivity  as  a  result  of  technology.  Productivity  factors  for  centers, 
towers,  terminal  radars,  and  FSS  may  be  used  as  well.  Unless  specified,  a 
default  value  of  1.00  is  assumed  for  all  productivity  factors. 

The  72  card  is  used  to  input  factors  affecting  traffic  growth.  When 
desired,  the  new  traffic  volume  (in  millions  per  year)  is  entered  for 
Instrument  Flight  Rules  (IFR)  traffic,  airport  operations,  instrument  oper¬ 
ations  at  airports,  or  flight  operations.  These  values  will  be  used  for 
each  year  of  the  analysis.  This  provides  a  method  of  holding  traffic  levels 
constant  during  a  run.  The  72  card  is  also  used  to  change  the  rate  of 
traffic  growth  assumed  in  the  model.  The  percentages  entered  on  this  card 
cause  the  amount  of  traffic  increase,  with  respect  to  the  baseline,  to  be 
multiplied  by  this  factor.  Columns  on  the  72  card  are  assigned  as  follows: 

Col  1-2  -  72 

Col  4-9  -  IFR  traffic  volume  in  millions  per  year.  (Six  digits; 

the  last  digit  is  assumed  to  be  in  tenths  of  a  million. ) 

Col  11-16  -  Total  Airport  Operations  in  millions  per  year.  (Six  digits; 

the  last  digit  is  assumed  to  be  in  tenths  of  a  million.) 

Col  18-23  -  Instrument  operations  at  airports  in  millions  per  year. 

(Six  digits;  the  last  digit  is  assumed  to  be  in  tenths  of 
a  million.) 

Col  25-30  -  Flight  services  in  millions  per  year.  (Six  digits;  the 
last  digit  is  assumed  to  be  in  tenths  of  a  million.) 

Col  32-34  -  IFR  growth  rate  in  percent  (000  to  100) 

Col  36-38  -  Airport  operations  growth  rate  in  percent  (000  to  100) 

Col  40-42  -  Instrument  operations  growth  rate  in  percent  (000  to  100) 

Col  44-46  -  Flight  services  growth  rate  in  percent  (000  to  100) 

When  data  are  not  specified  by  the  user  on  a  72  card,  nominal  values  are  used 
by  the  model;  i.e.,  FAA  traffic  forecasts  with  unity  growth  rates  are  assumed. 
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The  73,  74,  75,  and  76  cards  are  used  to  change  the  inflation  factors 
in  individual  years  for  F&E,  O&M,  circuits,  and  the  discount  rate.  A  71 
card  must  have  been  previously  entered  to  set  the  initial  or  nominal  values 
for  the  inflation  rates  during  the  simulation  period.  The  format  for  these 
cards  is  identical.  Columns  are  assigned  as  follows: 

Col  1-2  -  command  number  {73,74,75,  or  76) 

73  =  F&E  inflation  rate 

74  *  O&M  inflation  rate 

75  *  inflation  rate  for  leased  circuits  and  leased 

equipment 

76  *  inflation  adjusted  discount  rate 

Col  4-7  -  first  year  for  which  changes  are  to  be  specified 

Col  9-12  -  Last  year  for  which  changes  are  to  be  specified 

Col  14-16  -  first  value  (000  to  100  percent) 

Col  18-20  -  second  value 

etc. 

The  number  of  values  specified  must  be  equal  to  (Last  year  minus  first 
year  +1).  Up  to  16  values  may  be  specified  on  a  card.  If  more  space  is 

desired,  place  an  asterisk  (*)  in  column  80  and  continue  with  a  second  card, 

beginning  with  the  17th  value  in  columns  2-4. 

The  77  card  is  used  to  change  all  the  communications  percentages  (both 
F&E  and  O&M)  to  a  single  value.  These  percentages  are  stored  on  a  facility 
basis  and  may  vary  among  facilities.  This  card  allows  all  these  percentages 
to  be  changed  simultaneously  rather  than  individually  as  is  done  with  the 
type  1  and  type  2  cards.  This  command  would  be  useful  if,  for  example,  the 
user  wished  to  set  all  the  percentages  at  100  percent  to  obtain  a  total  cost 
rather  than  a  ccmmunications-oriented  cost.  The  format  for  this  command  is 
as  follows: 

Col  1-2  -  77 

Col  5-7  -  percentage  (000  to  100) 

2.8  CIRCUITS  (OPTIONAL) 

Circuit  data  used  in  the  model  have  been  extracted  from  a  data  base  of 
about  20,000  leased  circuits  maintained  by  the  Transportation  Systems  Center 
in  Cambridge,  Massachusetts.  The  circuits  have  been  grouped  four  different 
ways  according  to  various  characteristics  described  below.  Within  each 
group,  each  circuit  was  allocated  to  exactly  one  category.  While  each 
group  accounts  for  all  the  circuits,  the  different  stratifications  make  it 
possible  to  analyze  technology  changes  that  affect  different  cross  sections 
of  the  ATC  system.  The  user  would  select  whichever  stratification  provided 
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the  best  description  of  the  types  of  circuits  affected  in  a  particular 
analysis.  For  example,  if  an  analysis  of  a  data-oriented  system  such  as 
NAD IN  were  being  performed,  circuit  grovq?  2  (Detailed  Voice,  Data)  would  be 
the  logical  choice  since  it  contains  a  more  detailed  breakdown  of  data 
circuits  than  any  of  the  other  groups.  A  complete  description  of  the 
circuit  categories  in  each  of  the  four  groupings  is  shown  in  Table  2-2, 

Within  a  particular  run  the  user  must  choose  one  of  the  four  groupings 
as  the  data  base  to  be  used.  Once  the  choice  has  been  made,  the  other  three 
categorizations,  for  all  practical  purposes,  do  not  exist. 

Modifications  of  these  parameters  are  made  by  using  type  8  cards.  The 
first  card  must  have  the  digit  "8"  in  the  first  column.  The  second  card 
indicates  which  of  the  circuit  groups  is  to  be  used.  The  format  is  as 
follows: 

Col  1  -  must  be  a  zero 

Col  10  -  circuit  group  number  (1,2,3,  or  4) 

Subsequent  data  cards  can  modify  circuit  characteristics  within  the  specified 
group.  Within  each  group,  each  category  is  numbered  as  in  Table  2-2.  For 
each  of  the  circuit  categories  shown  in  the  table,  there  are  10  associated 
parameters : 

(1)  Switched  or  Nonswitched.  If  the  circuit  is  to  be  switched,  this 
will  be  a  one.  Otherwise  it  is  a  zero.  The  default  value  is 
assumed  to  be  zero. 

(2)  Tariff.  Indicates  which  of  nine  possible  tariffs  is  to  be  used 
for  pricing  a  particular  circuit  type. 

(3)  Average  Length.  The  average  length  of  all  circuits  belonging  to 
a  particular  category.  (Units  =  average  miles  per  circuit) 

(4)  Average  Quantity.  The  average  number  of  circuits  of  this  type 
required  between  given  facilities.  In  general,  it  is  stated  with 
respect  to  the  first  facility.  Tower-to-center  circuit  averages, 
for  example,  are  based  on  the  average  number  of  circuits  per 
Tower  between  these  two  facility  types. 

(5)  Total  Length.  Computed  by  the  model  from  (3)  and  (4);  cannot  be 
changed  by  the  user.  (Units  =  miles) 

(6)  Total  Quantity.  Computed  by  the  model  from  (4) ;  cannot  be  changed 
by  the  user. 

(7)  Utilization  per  circuit.  The  average  number  of  seconds  a  circuit 
is  in  use  during  the  daily  peak  hour  divided  by  3,600.  Nominal 
values  are  assumed  unless  the  user  specifies  otherwise. 

(8)  Total  Utilization.  Computed  by  the  model  from  (6)  and  (7); 
cannot  be  changed  by  the  user. 


Table  2-2.  CIRCUIT  CATEGORIZATIONS 


CIRCUIT  GROUP  1 
Circuits  According  to  Type 


CIRCUIT  GROUP  2 
Circuits  According  to  Type 
(Emphasis  on  Voice,  Data) 


1)  FSS- to- tower  voice  circuits 


1)  Miscellaneous  voice  circuits 

2)  FSS-to- tower  voice  circuits 

3)  FSS-to-center  voice  circuits 

4)  Tower- to-center  voice  circuits 

5)  Center-to-center  voice  circuits 

6)  FSS-to-public  voice  circuits 

7)  Miscellaneous  data  circuits 

8)  FSS-to-tower  data  circuits 

9)  FSS-to-center  data  circuits 

10)  Tower-to-center  data  circuits 

11)  Center-to-center  data  circuits 

12)  Miscellaneous  radio  circuits 

13)  RCAG  radio  circuits 

14)  FSS  radio  circuits 

15)  Tower  radio  circuits 

16)  BUEC  radio  circuits 


2)  FSS-to-center  voice  circuits 

3)  Tower-to-center  voice  circuits 

4)  Center-to-center  voice  circuits 

5)  FSS-to-public  voice  circuits 

6)  FSS-to-FSS  voice  circuits 

7)  Tower-to-tower  voice  circuits 

8)  Miscellaneous  voice  circuits 

9)  FSS-to-center  low-speed  data 
circuits 

10)  Miscellaneous  low-speed  data 
circuits 

11)  Tower-to-center  FDEP  circuits 

12)  Tower-to-center  ARTS  circuits 

13)  Center-to-center  high-speed 
data  circuits 

14)  Miscellaneous  high-speed  data 
circuits 

15)  WMSC  circuits 

16)  RCAG  radio  circuits 

17)  FSS  radio  circuits 

18)  Tower  radio  circuits 

19)  BUEC  radio  circuits 

20)  Miscellaneous  radio  circuits 

21)  Other  circuits 


Table  2-2 .  (continued) 
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CIRCUIT  GROUP  3 

CIRCUIT  GROUP  4 

1  Circuits  According  to  Terminating 

Circuits  According  to  Function 

Facilities 

or  Use 

1) 

Tower-to-tower  circuits 

1) 

Military-to-FSS  circuits 

2) 

Tower-to-FSS  circuits 

2) 

Military-to-tower  circuits 

3) 

Tower-to-center  circuits 

3) 

Military-to-center  circuits 

4) 

Tower -to-military  circuits 

4) 

Autovon  circuits 

5) 

Tower-to-VOR  circuits 

5) 

Miscellaneous  military  circuits 

6) 

Tower-to-foreign  exchange 

6) 

ILS  circuits 

7) 

Tower-to-RCO  circuits 

7) 

VORTAC  circuits 

8) 

Tower-to-ILS  circuits 

8) 

DF  circuits 

9) 

Tower-to-weather  circuits 

9) 

Tower-to-center  circuits 

10) 

Miscellaneous  tower  circuits 

10) 

FSS-to-center  circuits 

11) 

Center-to-center  circuits 

11) 

FSS-to-tower  circuits 

12) 

Center-to-FSS  circuits 

12) 

Center-to-RCAG  circuits 

13) 

Center- to-military  circuits 

13) 

Tower-to-RTR  circuits 

14) 

Center-to-RCAG  circuits 

14) 

Center-to-BUEC  circuits 

15) 

Center- to-BUEC  circuits 

15) 

FSS-to-RCO  circuits 

16) 

Center-to-ARSR  circuits 

16) 

Foreign  exchange 

17) 

Center-to-RTR  circuits 

17) 

Miscellaneous  communications 

18) 

Center  foreign  exchange 

circuits 

19) 

Center  miscellaneous  circuits 

18) 

Special  circuits 

20) 

FSS-to-FSS  circuits 

19) 

Weather  circuits 

21) 

FSS-to-m* litary  circuits 

20) 

ARSR  circuits 

22) 

FSS-to-VOR  circuits 

21) 

Other  circuits 

23) 

FSS-to-foreign  exchange 
circuits 

24) 

FSS-to-RCO  circuits 

25) 

FSS-to-RTR  circuits 

26) 

FSS-to-weather  circuits 

27) 

Miscellaneous  FSS  circuits 

28) 

Special  circuits 

29) 

Other  circuits 
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(9)  Equipment  Cost  per  Circuit.  The  average  monthly  cost  of  any 
special  equipment  associated  with  this  circuit  type.  (Units  - 
dollars  per  month) 

(10)  Required  Grade  of  Service.  Expressed  as  the  maximum  allowable 
probability  of  all  circuits  being  busy.  A  practical  range  for 
this  variable  is  about  0.1  for  the  lowest-priority  data  circuits 
to  0.001  or  0.0001  for  the  controller-to-controller  voice  circuits. 

The  format  for  changes  to  the  circuit  data  base  is  illustrated  in 
Figure  2-8.  Up  to  five  changes  can  be  entered  on  one  card.  Additional 
changes  require  the  use  of  a  second  card.  Only  one  circuit  category  is 
permitted  on  a  card,  and  all  type  8  cards  must  be  placed  together.  The 
columns  on  each  data  card  are  assigned  as  follows: 

Col  1  -  must  be  a  zero 

Col  3-4  -  two-digit  circuit  type  (00  to  16) 

Col  6-7  -  two-digit  number  indicating  the  first  parameter  to  be 

changed 

Col  9-16  -  six-digit  number  representing  the  value  of  the  first 

parameter 

Col  18-19  -  two-digit  number  indicating  the  second  parameter  to 
be  changed 

Col  21-28  -  six-digit  number  representing  the  value  of  the  second 
parameter 

etc. 


0  01  05  0000001.  09  165.2000 


0  01  04  01727.00 


Provision  is  made  for  all  data  to  be  entered  to  the  nearest  whole  number. 
The  user  may  override  this  feature  by  including  a  decimal  point  at  any 
desired  place  as  long  as  the  total  number  of  digits,  including  the  decimal, 
does  not  exceed  six. 


2 . 9  REPOSTS  ( REQUI RED ) 

A  Type  9  card  is  mandatory  for  all  runs.  It  tells  the  processor  which 
reports  are  to  be  generated  and  the  period  of  interest  between  1979  and 
1999.  Years  outside  of  this  range  are  not  accepted. 

A  typical  Type  9  card  is  illustrated  in  Figure  2-9.  The  columns  are 
assigned  as  follows: 

Col  1  -  must  be  a  zero 

Col  3-6  -  first  year  of  the  analysis  period  (four  digits) 

Col  8-11  -  last  year  of  the  analysis  period  (four  digits) 

Col  13  -  first  report  desired 

Col  15  -  second  report  desired 

Col  17  -  third  report  desired 


0  1979  1999  1,2, 3, 4, 5, 6, 7, 8 


Figure  2-9.  ANALYSIS  PERIOD  AND  REPORT  CARDS 


Eight  types  of  reports  are  available! 

(1)  Detailed  cost  stannary 

(2)  Short  stannary 

(3)  FfiE  data  for  1979 

(4)  OSM  data  for  1979 

(5)  Tariff  report 

(6)  Operational  units  required  (listed  for  each  year) 

(7)  Circuit  parameters  (listed  for  each  year) 

(8)  Main  array  (listed  for  each  year) 

Entering  report  numbers  in  columns  13  through  27  causes  the  reports  to 
generate.  If  no  report  type  is  specified,  only  the  detailed  cost  sunnary 
will  be  printed.  Appendix  C  contains  descriptions  and  examples  of  each 
report  type.  The  user  should  refer  to  this  appendix  when  it  is  necessary 
to  interpret  data  in  a  report. 

The  Type  9  cards  must  be  followed  by  a  card  that  signals  the  processor 
to  begin  execution.  This  card  is  pictured  in  Figure  2-9;  it  contains  "/*" 
in  the  first  two  columns. 


SECTION  THREE 


SAMPLE  RUN 


This  section  describes  a  sample  run  usin?  many  of  the  model  features. 

It  is  based  on  a  scenario  that  involves  replacing  certain  vacuum-tube 
radios  with  solid-state  equipment  and  simultaneously  implementing  a  system 
for  remote  maintenance  monitoring.  Each  of  the  required  data  cards  for  this 
analysis  is  shown,  together  with  an  explanation  of  the  input  parameters. 

The  output  reports  are  not  included  in  this  chapter  but  are  presented  in 
Appendix  C  with  explanations  of  the  various  columns. 


3.1  PROGRAM  SET-UP 

Figure  3-1  shows  the  four  cards  necessary  to  initiate  the  program.  The 
fourth  card  actually  serves  to  label  the  output  listing  for  user  identifica- 


REMOTE  MAINTENANCE  MONITORING  -EXAMPLE 


//GO.SYSIN  DD  * 


//GO.FT05F001  DD  SYSOUT=A ,DCB= (RECFM=UA,BLKSIZE*133)  * 


Figure  3-1.  PROGRAM  SET-UP 


Prr<*‘ 


3.2  F&E  COST  DATA 


Three  new  facilities  will  be  used  to  describe  the  modernization  and 
maintenance  packages.  The  data  cards  for  these  facilities  are  shown  in 
Figure  3-2.  Since  allocation  of  new  facility  types  starts  at  65,  new  equip 
ment  will  be  assigned  to  types  65,  66,  and  67  in  the  model.  Type  65  will 
represent  the  new  solid-state  radio.  The  estimated  cost  of  equipment  and 
installation  per  site  is  $28,000.  These  costs  fall  under  category  02  (see 
Section  2.2).  The  total  number  of  facilities  required  consists  of  556  RCAG 
sites  plus  722  RTRs;  category  14  is  accordingly  assigned  1,287  units. 


Figure  3-2.  F&E  COST  DATA 


The  second  facility  required  is  a  central  computer  to  monitor  the 
remote  sites.  This  will  be  assigned  to  facility  type  66.  The  estimated 
cost  of  each  computer  is  $150,000  with  a  25  percent  margin  for  error  included 
bringing  the  total  cost  per  facility  to  $188,000.  Altogether,  25  computer 
facilities  will  be  required. 

The  last  facility  type  is  number  67.  This  consists  of  the  actual 
monitoring  equipment  that  must  be  installed  at  each  RCAG.  The  estimated 
cost  is  $40,000  per  site,  including  a  25  percent  margin  for  error.  One- 
hundred  percent  of  the  cost  is  attributed  to  communications,  and  565  sites 
will  be  affected. 


3.3  O&M  COST  DATA 


The  new  solid-state  equipment  with  remote  monitoring  is  expected  to 
produce  an  overall  reduction  in  O&M  costs.  This  net  saving  is  reflected 
in  category  02  (see  Section  2.3)  of  the  O&M  data  cards  for  RCAGs  and  RTRs. 
The  new  O&M  cost  of  facility  type  48  (RCAG)  will  be  $8,000  per  year.  The 
O&M  cost  for  RTRs  (facility  type  52)  will  be  $15,000  per  year.  Since  the 
percentage  allocated  to  communications  has  not  been  specified,  the  model 
will  continue  to  use  the  nominal  percentages  applied  to  the  original  facil¬ 
ities.  The  appropriate  O&M  changes  are  illustrated  in  Figure  3-3. 


Figure  3-3.  O&M  COST  DATA 

One  special  feature  should  be  noted.  It  is  anticipated  that  additional 
RCAGs  would  not  cause  the  average  cost  of  a  sector  to  increase  as  it  did 
with  the  original  system.  The  original  factor  for  sector  cost  increases  is 
therefore  set  to  zero  by  using  category  08. 


3.4  TRANSITION  DATA  , 

♦ 

Eight  cards  are  required  to  implement  the  modernization  program.  These 
are  illustrated  in  Figure  3-4. 

It  is  assumed  that  the  O&M  benefits  due  to  RCAG  remote  maintenance  will 
begin  in  1981.  During  1981,  65  percent  of  the  new  facilities  will  become 
operational  under  the  reduced  0&M  rates;  in  1982,  the  new  cost  will  apply  to 
100  percent  of  the  RCAGs.  Old  RCAGs  will  be  decommissioned  at  a  complementary 
rate,  i.e.,  35  percent  will  be  operational  in  1981  and  none  in  1982.  It 
should  be  noted,  however,  that  these  facilities  may  be  decommissioned  at  a 
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Figure  3-4.  TRANSITION  DATA 


■:  slower  rate  when  redundancy  is  desirable.  The  RTRs  (facility  type  52)  are 

*  '  activated  with  the  same  percentages  used  for  RCAGs. 

All  new  facilities  and  equipment  will  be  purchased  over  a  two-year 
’  ^  period  beginning  in  1979.  Enough  solid-state  radios  will  be  purchased  in 

1979  to  replace  65  percent  of  the  vacuum-tube  radios.  (The  model  automati- 
y  cally  uses  new  F&E  costs  for  all  additional  radios  required  as  a  result  of 

growth).  One-hundred  percent  of  the  old  radios  will  be  replaced  in  the 
following  year.  It  should  be  noted  that  the  percentages  and  years  used  in 
r  the  F&E  replacement  program  are  independent  of  O&M  transition  percentages 

£  and  years.  In  this  particular  scenario,  the  O&M  benefits  begin  one  year 

|  after  the  replacement. 


Twenty  percent  of  the  computers  (facility  type  66)  will  be  purchased  in 
1979,  and  the  remainder  in  the  following  year.  The  remote-maintenance  moni¬ 
tors  will  be  purchased  in  two  installments  also,  14  percent  in  1979  and  the 
remainder  in  1980. 


3 . 5  USER-ASSIGNED  COSTS 

Development  and  management  costs  during  the  implementation  period  are 
estimated  at  $75,000  per  year  in  constant  dollars.  Accordingly,  these 
costs  are  entered  as  user-assigned  costs,  as  shown  in  Figure  3-5. 


Figure  3-5.  USER  ASSIGNED  COSTS 
3.6  INFLATION  AND  GROWTH  PARAMETERS 

Figure  3-6  shows  the  inflation  and  automation  cards  for  this  run.  The 
first  three  are  required.  The  71  card  sets  the  long-term  inflation  rates 
at  8  percent  for  F&E,  8  percent  for  O&M,  5  percent  for  circuits,  and  18  per¬ 
cent  for  the  inflation-adjusted  discount  rate.  Since  current  rates  are  some¬ 
what  higher,  the  first  few  years  are  modified  by  using  the  73,  74,  75,  and 
76  cards.  The  parameters  on  the  72  card  are  unspecified,  which  will  result 
in  nominal  values  for  growth  and  automation  factors.  The  77  card  is  used 
to  set  all  communications  percentages  at  100  percent.  By  doing  so,  the 
user  can  look  at  the  total  cost  picture  rather  than  just  allocated  communi¬ 
cations  cost. 


3 . 7  CIRCUIT  PARAMETERS 

The  scenario  as  described  here  does  not  affect  the  leased  circuit  network 
It  is  advisable  nevertheless  to  specify  a  circuit  group  to  be  used  in  the  cal¬ 
culations.  This  is  done  with  two  type  8  cards,  as  shown  in  Figure  3-7. 


3.8  ANALYSIS  PERIOD 

Three  Type  9  cards  are  required  for  each  run.  These  are  illustrated 
in  Figure  3-8.  The  period  of  interest  specified  on  the  second  card  is  from 
1980  through  1990.  Three  reports  have  been  requested  in  the  output  listing: 
the  detailed  cost  summary  (Type  1) ,  the  short  cost  summary  (Type  2) ,  and  the 
operational  units  required  each  year  (Type  6) .  The  third  card  indicates  that 
the  input  phase  is  over  and  calculations  should  begin. 


0  1980  1990  1,2,6 


Figure  3-8.  ANALYSIS  PERIOD 
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FACILITIES  AND  EQUIPMENT 


Facility 

Estimated 
1978  CDst  Per 
Facility  * 
(Thousands 
of  Dollars) 

Cost  Increases 
(Thousands  of  Dollars) 

Esti¬ 

mated 

Percent 

COMM 

Number  of 
Facilities 
(1979) 

Per 

Sector 

Per 

Center 

Per 

ATCT 

Per 

ASR 

Per 

FSS 

1. 

ADCOC 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

11.0 

2. 

AID 

15.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

8.0 

3. 

ARSR 

3298.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

102.0 

4. 

ARTCC 

20599.0 

100.0 

0.0 

0.0 

0.0 

0.0 

0.60 

23.0 

5. 

ARTS 

989.0 

0.0 

0.0 

0.0 

0.0 

■ 

0.60 

93.0 

6. 

ASR 

975.0 

0.0 

0.0 

0.0 

0.0 

0.25 

181.0 

7. 

ATCT 

620.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.85 

428.0 

8. 

BDIS 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

2.0 

9. 

BUEC 

80.0 

0.0 

0.0 

0.0 

0.0 

■  s 

1.00 

204.0 

10. 

ccc 

11345.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

20.0 

11. 

CD 

201.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

107.0 

12. 

CDC 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.80 

15.0 

13. 

CERAP 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.60 

3.0 

14. 

CKT 

76.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

5.0 

15. 

CMLT 

70.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

13.0 

16. 

COMCO 

42.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

18.0 

17. 

CST 

1039.0 

o.o- 

0.0 

0.0 

0.0 

0.0 

0.85 

-'ft EM 

18. 

CTRB 

1664.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.60 

19. 

DCC 

0.0 

0.0 

0.0 

0.0 

0.0 

0.60 

WmaM 

20. 

DF 

54.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

21. 

EDPS 

49372.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

liH 

22. 

FAC 

22.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.03 

21.0 

23. 

FDEP 

30.0 

5.0 

150.0 

10.0 

10.0 

0.0 

1.00 

230.0 

24. 

FM 

18.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

36.0 

25. 

FSS 

116.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.85 

318.0 

26. 

GS 

120.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

599.0 

27. 

H 

699.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

207.0 

28. 

HH 

130.0 

0.0 

0.0 

0.0 

0.0 

■jHJ 

0.25 

9.0 

29. 

IATSC 

3403.0 

0.0 

0.0 

0.0 

1.00 

1.0 

30. 

IFSR 

1203.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

6.0 

31. 

IFSS 

2405.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

6.0 

32. 

IFST 

794.0 

0.0 

' 

0.0 

0.25 

9.0 

33. 

IM 

11.0 

0.0 

0.0 

0.0 

0.0 

1.00 

65.0 

34. 

LCOT 

50.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

84.0 

35. 

LDA 

17.0 

0.0 

0.0 

0.0 

0.0 

0.25 

10.0 

36. 

LMM 

28.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

18.0 

37. 

LNKR 

50.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

8.0 

38. 

LOC 

186.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

667.0 

39. 

LOM 

28.0 

0.0 

0.0 

0.0 

0.0 

0.25 

360.0 

40. 

LRCO 

18.0 

0.0 

0.0 

0.0 

0.0 

1.00 

0.0 

41. 

MM 

18.0 

0.0 

0.0 

0.0 

0.25 

577.0 

42. 

OAW 

30.0 

0.0 

0.0 

1.00 

23.0 

43. 

OM 

18.0 

0.0 

0.0 

B0 

0.25 

612.0 

A-2 


(continued) 


FACILITIES  AND  EQUIPMENT  (continued) 


Facility 

Estimated 
1978  Cost  Per 
Facility* 
(Thousands 
of  Dollars* 

Cost  Increases 
(Thousands  of  Dollars) 

Esti¬ 

mated 

Percent 

COMM 

Number  of 
Facilities 
(1979) 

Per 

Sector 

Per 

Center 

Per 

ARCT 

Per 

ASR 

Per 

FSS 

44. 

ORES 

241.0 

0.0 

0.0 

I 

wgm 

■SB 

45. 

PAR 

1189.0 

0.0 

0.0 

0.0 

EsiSi 

46. 

RAPCO 

182.0 

0.0 

0.0 

0.0 

0.0 

0.0 

El mk 

■■ 

47. 

RBDE 

151.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

101.0 

48. 

RCAG 

244.0 

20.0 

0.0 

0.0 

0.0 

0.0 

1.00 

559.0 

49. 

RCO 

239.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

904.0 

50. 

PMLR 

166.0 

0.0 

0.0 

0.0 

0.0 

1.00 

518.0 

51. 

RMLT 

163.0 

0.0 

0.0 

0.0 

0.0 

IfliS 

1.00 

213.0 

52. 

RTR 

132.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

791.0 

53. 

SFO 

41.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

128.0 

54. 

SSO 

76.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

KSb  - 

55. 

TELEX 

151.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

WBSm  - 

56. 

TOWB 

142.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.60 

Kill 

57. 

TRACO 

999.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.60 

KKH 

58. 

TRCAB 

749.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.60 

HI 

59. 

TROPO 

613.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

HI 

60. 

TTS 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

iBEiH 

61. 

TTY 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

398.0 

62. 

VOR 

374.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

931.0 

63. 

VOT 

12.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.25 

66.0 

64. 

WMSC 

7551.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

1.0 

*Model  will  automatically  update  these  costs  for  all  future  years  according  to 
the  inflation  rate  specified  in  the  scenario. 


OPERATIONS  AND  MAINTENANCE 


Estimated 
1978  Cost  Per 
Facility  Facility* 
(Thousands 
of  Dollars) 


Cost  Increases 
(Thousands  of  Dollars) 


Estimated 

Percent 

COMM 


ADCOC 

AID 

ARSR 

ARTCC 

ARTS 

ASR 

ATCT 

BDIS 

BUEC 

ccc 

CD 

CDC 

CERAP 

CRT 

CMLT 

COMCO 

CST 

CTRB 

DCC 

DF 

EDPS 

FAC 

FDEP 

FM 

FSS 

GS 

H 

HH 

IATSC 

IFSR 

IFSS 

IFST 

IM 

LCOT 

LDA 

LMM 

LNKR 

LOC 

LOM 

LRCO 


127. 

0. 

0. 

457.0 

211.0 

0.0 

52.0 

54.0 

26.0 

0.0 

0. 

0.0 

0.0 

22.0 

30.0 

99.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

63.0 

0.0 

0. 

0. 

488.0 

98.0 

0.0 

249.0 

0.0 

0.0 

0.0 

0. 

5. 

0. 

0. 

23.0 


(continued) 


|  OPERATIONS  AND  MAINTENANCE  (continued)  | 

Facility 

Estimated 
19,78  Cost  Per 
Facility* 
(Thousands 
of  Dollars 

Cost  Increases 
(Thousands  of  Dollars) 

Esti¬ 

mated 

Percent 

COMM 

Per 

Sector 

Per 

Center 

Per 

ATCT 

Per 

ASR 

Per 

FSS 

41. 

MM 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

42. 

OAW 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

43. 

OM 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

44. 

ORES 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

45. 

PAR 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

46. 

RAPCO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

47. 

RBDE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

48. 

RCAG 

36.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

49. 

RCO 

31.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

50. 

RMLR 

32.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

51. 

RMLT 

37.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

52. 

RTR 

20.0 

0.0 

0.0 

20.0 

20.0 

53. 

SFO 

11.0 

0.0 

0.0 

0.0 

0.0 

wmWmm 

54. 

SSO 

7.0 

0.0 

0.0 

0.0 

0.0 

0.0 

55. 

TELEX 

100.0 

0.0 

0.0 

0.0 

0.0 

0.0 

56. 

TOWB 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

57. 

TRACO 

45.0 

0.0 

0.0 

0.0 

0.0 

0.0 

58. 

TRCAB 

49.0 

0.0 

0.0 

0.0 

0.0 

0.0 

59. 

TROPO 

49.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

60. 

TTS 

218.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.00 

61. 

TTY 

14.0 

0.0 

14.0 

14.0 

14.0 

14.0 

1.00 

62. 

VOR 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

63. 

VOT 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

64. 

WMSC 

259.0 

0.0 

o 

o 

0.0 

0.0 

0.0 

1.00 

♦Model  will  automatically  update  these  costs  for  all  future  years 
according  to  the  inflation  rate  specified  in  the  scenario. 


APPENDIX  C 


FAA  COMMUNICATIONS  MODEL  REPORTS 


This  is  a  detailed  output  report  showing  each  cost  category,  inflation 
effects,  totals,  discounted  total,  and  cumulative  discounted  total: 

Col  1  -  year 

Col  2  -  total  F&E  expenditure  for  the  year  in  current  dollars 

Col  3  -  total  O&M  expenditure  for  the  year,  in  current  dollars 

Col  4  -  total  cost  for  leased  circuits  including  channel  terminations, 
in  current  dollars 

Col  5  -  total  cost  for  leased  communications  equipment,  in  current 
dollars 

Col  6  -  user  assigned  costs  in  current  dollars 
Col  7  -  total  of  preceding  annual  costs 

Col  8  -  deflated  and  discounted  value  of  total  annual  cost 
Col  9  -  cumulative  discounted  value 


This  is  an  abbreviated  version  of  the  detailed  cost  s< 


Col  1  -  year 

Col  2  -  total  annual  costs,  in  current  dollars 
Col  3  -  deflated  and  discounted  annual  total 


PRESENT  VALUE 


Facilities  and  Equipment  Matrix  -  Report 


This  report  lists  all  of  the  F&E  parameters  used  m  the  model 

Col  1  -  facility  type 
Col  2  -  total  cost  of  an  old  facility 
Col  3  -  total  cost  of  a  new  facility 
Col  4  -  old  facility  cost  increase  per  sector 

Col  5  -  old  facility  cost  increase  per  center 

Col  6  -  old  facility  cost  increase  per  tower 

Col  7  -  old  facility  cost  increase  per  terminal  radar 

Col  8  -  old  facility  cost  increase  per  FSS 

Col  9  -  new  facility  cost  increase  per  sector 

Col  10  -  new  facility  cost  increase  per  center 

Col  11  -  new  facility  cost  increase  per  tower 

Col  12  -  new  facility  cost  increase  per  terminal  radar 

Col  13  -  new  facility  cost  increase  per  FSS 

Col  14  -  percent  of  cost  due  to  communications 
Col  15  -  total  number  of  facilities 


rations  and  Maintenance  Matrix  -  Report  Type 


This 

report  gives  all  of 

the  O&M  parameters  used  in 

the  model 

Col 

1 

- 

facility  type 

Col 

2 

- 

maintenance  cost  of  old  facility 

Col 

3 

- 

maintenance  cost  of  new  facility 

Col 

4 

- 

old 

maintenance 

cost 

increase 

per 

sector 

Col 

5 

- 

old 

maintenance 

cost 

increase 

per 

center 

Col 

6 

- 

old 

maintenance 

cost 

increase 

per 

tower 

Col 

7 

- 

old 

maintenance 

cost 

increase 

per 

terminal 

radar 

Col 

8 

- 

old 

maintenance 

cost 

increase 

per 

FSS 

Col 

9 

- 

new 

maintenance 

cost 

increase 

per 

sector 

Col 

10 

- 

new 

maintenance 

cost 

increase 

per 

center 

Col 

11 

- 

new 

maintenance 

cost 

increase 

per 

tower 

Col 

12 

- 

new 

maintenance 

cost 

increase 

per 

terminal 

radar 

Col 

13 

- 

new 

maintenance 

cost 

increase 

per 

FSS 

Col 

14 

- 

percent  of  cost 

due  to  communications 

Col 

15 

- 

total  number  of 

facilities 

The  average  cost-per-mile  and  the  cost  of  channel  terminations  for 
both  ends  of  a  circuit  are  listed  in  the  tariff  array  for  each  tariff 
defined  in  the  program  or  by  the  user.  The  rates  are  listed  in  order,  one 
through  nine. 


6.  Operational  Units  Matrix  -  Report  Type  6 

There  are  15  entries  in  this  matrix.  The  rows  represent  the  various 
operational  units  while  the  columns  contain  past  year,  present  year, 
baseline  quantities  for  each.  Figure  C-l  shows  the  arrangement  of  this 
table. 


Type  of 
Units 

Number  of  Units  in 
Baseline  System 
(1979) 

Number  of  Units 
Required  in 
Current  Year 

Number  of  Units 
Required  in 
Previous  Year 

Sectors 

A 

B 

C 

Centers 

D 

E 

F 

Towers 

G 

H 

1 

Terminal 

Radars 

J 

K 

L 

FSS 

M 

N 

0 

.  Switch  Array  (circuit  parameter?)  -  Report  Type  1 

The  switch  array  is  composed  of  nine  columns  as  shown  below. 

Columns  3  through  8  are  used  for  computing  shared  circuit  requirements. 
The  rows  of  the  switch  array  are  documented  in  Section  2.8  of  this  report 

Col  1  -  zero  if  circuit  is  not  switched;  one  otherwise 
Col  2  -  tariff  used  to  price  this  circuit 
Col  3  -  average  circuit  length 

Col  4  -  average  number  of  circuits  required  per  facility 

Col  5  -  total  length 

Col  6  -  total  quantity  required 

Col  7  -  busy  hour  average  utilization  per  circuit 
Col  8  -  total  utilization  of  all  circuits 
Col  9  -  Equipment  cost  per  circuit 
Col  10  -  Required  grade  of  service 


OCOCCCSC3CCSCSCC8SCCCSCSCCSC89 

88CC88CC8C8CC8CCCCwCC8CQ09C0Q8 


«■**  40  «-  ID  »  a  «  IACCDC  V  AOMflM 

Nownv*-n5NWC»m'-iniftwCCCc 

no)*-nvinvc<’NV'’O)ir)in$0)8SwC 
N«>nOllDOtN  ClA 
^  ^  ^  W  N  ^  *“  •" 


88Q00C900 

q o d  o d dodo 


«DN0t«9l0)v  P)C8«  WWWN 

oiNcnnv-co^tnononcN® 


ooooooooooooo 


flDCOlACNCn3V*>BCOiSOHOnS 

—  ifi  ot  n  m  NNMr  »5o>  m 

«•  *-  *-  in  CM  *- 


eo  in  in  &  o  cm  cn  iaccocccon 
3  c  c  »*  *■  •"  »■  ccoonCPiwnc^Ow 


C-OCCCCCOOCCCOO 


O0(oconvc  nooisnocmo 

C*r**>O>t'-OC<0<O0>O~‘r^*’O)COCC 


oooooooooo 


MA-nnci^cooivOM-nnrSSOi 
ffl  N  C  C  N  fX  v  NP)g»W8C<OB- 
M  <D  W  C  O)  CM  -  G>  C  ID  <n 


O  in  «M  V  C  CM  ip  *-  in  f*.  0D  O  <M  -  80  01  _ 

SVO8lAN5C0)N-s5iANCC8SCC8S8CCC38O 


<lftnWNMOl-C®VO)®MOlftlflCD 
aOMOODNinM  CM  I"  CM  CM  in  f-  r<  C 
ac*-**c(M®N  incmcMina)  —  •“!•> 
<  «- n  id  5  at  —  cm  inr**r**“iD<n  —  men 
*-  im  *  *-  cm  (0  cm  ^  cn 
i  cm  •-  M  W 

o 


omo  cn  o  eo  in  in  m  o 

CMOM  DM  CCCin-SC-ifliOC: 


ococcccccoooo 


fc'r; 

III: 
|i  u 
0  Li 

5 

a*,.  r-j 

I  *“* 

I  0 


00  ~  Z 

n 


NCCCM®nn-n»- 
M  W  ^ 

d  ^  n 


ooooooooooooo 


CM  o  O  80  CM  *  ID  OMD  ID  ^  80  m  CM  80  O 

0>0><ncM«ino»o«n0»<n#-«-8D0t<D~'OOOcoaooQQQQO 

*-MNDinniDO(M(MC0O2<-ClN8C8OC8C8OCOOO 
MMnonMin  M  ^CAlOtnDO 
*■  cm  ^  m  m  in  -  m  ^  ^  ^ 


ocooooooooooooooooooooooooocoo 

ooooooooooocoooocooooooooocooc 


eooooooooocecooooccooccccoooco 
o  o  o  ddd  o'  dodo  6  d  d  d  dodo  o'  o'  66666  6  6  6  6 


C-15 


'Y-rVl 


The  Main  Array  consists  of  95  facility  types;  23  parameters  are  listed 
for  each  facility  type.  These  parameters  are  described  as  though 
there  are  24  column  headings;  paper  width  limitations  require  them  to  be 
printed  as  two  rows: 

Col  1  -  facility  type 

Col  2  -  facility  requirements  in  current  year 

Col  3  -  increase  in  number  of  facilities  per  additional  sector 
(current  year) 

Col  4  -  Increase  in  number  of  facilities  per  additional  center 
(current  year) 

Col  5  -  Increase  in  number  of  facilities  per  additional  tower 
(current  year) 

Col  6  -  increase  in  number  of  facilities  per  additional  terminal 
radar  (current  year) 

Col  7  -  increase  in  number  of  facilities  per  additional  FSS 
(current  year) 

Col  8  -  facility  requirements  for  previous  year 

Col  9  -  increase  in  number  of  facilities  per  additional  sector 
(previous  year) 

Col  10  -  increase  in  number  of  facilities  per  additional  center 
(previous  year) 

Col  11  -  increase  in  number  of  facilities  per  additional  tower 
(previous  year) 

Col  12  -  increase  in  number  of  facilities  per  additional  terminal 
radar  (previous  year) 

Col  13  -  increase  in  number  of  facilities  per  additional  FSS 
(previous  year) 

Col  14  -  transition  year  (last  two  digits)  -  nominally  set  to  100 
unless  there  is  a  transition 

Col  15  -  number  of  facilities  in  baseline  system  (1978) 

Col  16  -  number  of  facilities  required  in  current  year 

Col  17  -  number  of  facilities  required  in  previous  year 

Col  18  -  number  of  facilities  required  before  transition 

Col  19  -  number  of  sectors  before  transition 

Col  20  -  number  of  centers  before  transition 

Col  21  -  number  of  towers  before  transition 

Col  22  -  number  of  terminal  radars  before  transition 

Col  23  -  number  of  FSSs  before  transition 

Col  24  -  year  of  transition  (nominally  set  to  100  unless  there  is  a 
transition 


All  changes  to  F&E  costs  are  summarized  in  the  output  listing.  The 
columns  are  as  follows: 

Col  1  -  facility  type  code 

Col  2  -  type  of  change 

Col  3  -  original  value 

Col  4  -  new  value 

Col  5  -  year  in  which  new  cost  becomes  effective  (e.g.,  "96"  would 
signify  1996;  110  would  signify  2010) 

10.  O&M  Changes 

All  changes  to  O&M  costs  are  also  summarized  in  the  output  listing. 
The  columns  are  the  same  as  those  previously  used  in  the  F&E  listing. 


APPENDIX  D 


FACILITY  CATEGORY  DESCRIPTIONS 


Table  D-l  lists  facility  Alpha  codes  and  briefly  describes  the  facil¬ 
ities.  These  facility  categories  are  fully  defined  in  Appendix  1  of  Airway 
Facility  Sector  Level  Staffing  Standard  System,  FAA  Order  1380.40,  issued 
8  December  1976. 
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FACILITY  ALPHA  CODES  AND  DESCRIPTIONS 


Alpha  Code 

Description 

ADCOC 

Air  Defense  Command  Operation  Control 

AID 

Airport  Information  Desk 

ARSR 

Air  Route  Surveillance  Radar  —  FAA  and  Military 

ARTCC 

Air  Route  Traffic  Control  Center 

ARTS 

Automated  Radar  Terminal  System 

ASR 

Airport  Surveillance  Radar  —  FAA  and  Military 

ATCT 

Airport  Traffic  Control  Tower 

BDIS 

Automatic  Data  Interchange  System,  Service  “B" 

BRITE 

Bright  Radar  Indicator  Terminal  Equipment 

BUEC 

Backup  Emergency  Communications 

CCC 

Central  Computer  Complex  —  IBM  9020  System 

CD 

Common  Digitizer 

CDC 

Computer  Display  Channel 

CERAP 

Combined  Center/RAPCO 

CRT 

Control  Circuit  Equipment 

CMLT 

Communications  Microwave  Link  Terminal 

CCMCO 

Command  Communications  Outlet 

CST 

Combined  Station/Tower 

CTRB 

Center  Building  Maintenance 

DCC 

Display  Channel  Complex 

EDPS 

Electronic  Data  Processing  System 

FDEP 

Flight  Data  Entry  and  Printout 

FSS 

Flight  Service  Station 

GS 

Glide  Slope 

H 

Homing  Radio  Beacon 

HH 

Homing  Radio  Beacon  —  High  Power 

IATSC 

International  Aeronautical  Telecommunications 
Switching  Center 

IFSR 

International  Flight  Service  Receiving  Station 

IFSS 

International  Flight  Service  Station 

IFST 

International  Flight  Service  Transmitter  Station 

IM 

Inner  Marker 
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(continued) 


FACILITY  ALPHA  CODES  AND  DESCRIPTIONS  (continued) 


Alpha  Code 

Description 

LCOT 

VHF/UHF  Link  Terminal 

LDA 

Localizer-Type  Directional  Aid 

LMM 

Compass  Locator  at  the  ILS  Middle  Marker 

LNKR 

Link  Repeater 

LOC 

ILS  Localizer 

LOM 

Compass  Locator  at  the  ILS  Outer  Marker 

LRCO 

Limited  Remote  Communication  Outlet 

MM 

Middle  Marker 

OAW 

Off-Airways  Weather  Station 

OM 

Outer  Marker 

ORES 

IFSS  Residual  Facility 

PAR 

Precision  Approach  Radar  —  FAA  and  Military 

RBDE 

Radar  Bright  Display  Equipment 

RCAG 

Remote  Center  Air/Ground  Communications  Facility 

RCO 

Remote  Communications  Outlet 

RMLR 

Radar  Microwave  Link  Repeater 

RMLT 

Radar  Microwave  Link  Terminal 

RTR 

Remote  Transmitter/Receiver  Facility 

SFO 

Single  Frequency  Outlet 

SSO 

Self-Sustained  Outlet 

TELEX 

Telephone  Exchange 

TOWB 

Tower  Building  Maintenance 

TRACO 

Terminal  Radar  Approach  Control 

TRCAB 

Terminal  Radar  Approach  Control  in  Tower  Cab 

TROPO 

Tropospheric  Scatter  Station 

TTS 

Teletype  Switching  Facilities 

TTY 

Teletypewriter  Station 

VOR 

VHF  Omnidirectional  Range 

VOT 

VHF  Omnidirectional  Range  Test 

WMSC 

Weather  Message  Switching  Center 

